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TITLE OF THE INVENTION 

Semiconductor Laser Device 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a semiconductor laser 
device made of a group III-V nitride based semiconductor 
(hereinafter referred to as a nitride based semiconductor) such 
as BN (boron nitride), GaN (gallium nitride), AIN (aluminum 
10 nitride), InN (indium nitride) or TIN (thallium nitride) or 
mixed crystals thereof. 

Description of the Prior Art 

In recent years, GaN based semiconductor light emitting 

15 devices are increasingly put into practice as semiconductor 
laser devices emitting blue or violet light. Such 
semiconductor laser devices are generally employed as the light 
sources for optical disk systems writing and reading 
information in and from an optical disk among optical memories 

20 optically writing or reading information. In particular, GaN 
based semiconductor laser devices are expected as the light 
sources for high-density optical disk systems such as advanced 
digital video disks . 

Fig- 12 is a typical sectional view of a conventional 

25 GaN based semiconductor laser device. Referring to Fig. 12, 
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an undoped GaN low- temperature buffer layer 52, an undoped GaN 
layer 53, an n-GaN layer 54, an n-anti-cracking layer 55, an 
n-AlGaN cladding layer 56, an n-GaN light guide layer 57 and 
an InGaN multiple quantum well (MQW) active layer 58 are 
5 successively provided on a sapphire substrate 51. 

Further, a p-AlGaN carrier blocking layer 59, a p-GaN 
light guide layer 60 and a p-AlGaN first cladding layer 61 are 
successively provided on the active layer 58 . An n-GaN current 
blocking layer 62 having a striped opening 63 is formed on the 

10 p-AlGaN first cladding layer 61. A p-AlGaN second cladding 
layer 64 and a p-GaN contact layer 65 are successively provided 
on the p-AlGaN first cladding layer 61 located in the striped 
opening 63 and the n-GaN current blocking layer 62. 

Partial regions of the layers from the p-GaN contact layer 

15 65 to the n-GaN layer 54 are removed by etching, to expose the 
n-GaN layer 54. A p type electrode 66 is formed on the upper 
surface of the p-GaN contact layer 65, and an n type electrode 
67 is formed on the exposed upper surface of the n-GaN layer 
54. 

20 In the semiconductor laser device shown in Fig. 12, 

electrons (negative carriers) supplied from the n type 
electrode 67 are injected into the active layer 58 through the 
n-GaN layer 54, the n-anti-cracking layer 55, the n-AlGaN 
cladding layer 56 and the n-GaN light guide layer 57. Holes 

25 (positive carriers) supplied from the p type electrode 66 are 
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injected into the active layer 58 through the p-GaN contact 
layer 65, the p-AlGaN second cladding layer 64, the p-AlGaN 
first cladding layer 61, the p-GaN light guide layer 60 and 
the p-AlGaN carrier blocking layer 59. 
5 The n-GaN current blocking layer 62 having the striped 

opening 63 is provided in order to reduce operating current 
and limit an emission spot position by limiting the flow of 
current in a striped manner. The n-GaN current blocking layer 
62 limits the current flowing into the active layer 58 
10 substantially to the region located under the striped opening 
63. 

In the aforementioned conventional semiconductor laser 
device, however, the n-GaN current blocking layer 62, having 
a larger refractive index as compared with the p-AlGaN first 

15 cladding layer 61 and the p-AlGaN second cladding layer 64, 
has no effect of light confinement . 

In order to bring the semiconductor laser device into 
a real refractive index guided structure for attaining the 
effect of light confinement, the n-current blocking layer must 

20 be made of n-AlGaN, for example, in a larger Al composition 
ratio than the p-AlGaN first cladding layer 61 and the p-AlGaN 
second cladding layer 64 so that the refractive index thereof 
is smaller than those of the p-AlGaN first cladding layer 61 
and the p-AlGaN second cladding layer 64. Thus, the effective 

25 refractive index in the region of the active layer 58 located 



under the n-current blocking layer is smaller than that of the 
region of the active layer 58 located under the p-AlGaN second 
cladding layer 64 in the striped opening 63. Consequently, 
light is confined in the central portion of the active layer 
58. In this case, however, the p-AlGaN first cladding layer 
61 and the p-AlGaN second cladding layer 64, which are also 
made of n-AlGaN, and the n-AlGaN current blocking layer provide 
a large AlGaN film thickness in total- Such a film having a 
large Al composition is readily cracked if the thickness 
thereof is too large. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
semiconductor laser device having a current blocking layer, 
which is excellent in thermal stability and prevented from 
cracking. 

Another object of the present invention is to provide 
a semiconductor laser device having a current blocking layer, 
which is excellent in thermal stability, prevented from 
cracking and improved in effect of light confinement. 

A semiconductor laser device according to an aspect of 
the present invention comprises a first nitride based 
semiconductor layer including an active layer and containing 
at least one of boron, aluminum, gallium, indium and thallium, 
a current blocking layer, formed on the first nitride based 
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semiconductor layer, having a striped opening, and a second 
nitride based semiconductor layer, formed on the first nitride 
based semiconductor layer in the striped opening, containing 
at least one of boron, aluminum, gallium, indium and thallium, 
5 and the current blocking layer includes a multilayer structure 
of at least one first layer of a nitride based semiconductor 
containing at least one of aluminum and boron and at least one 
second layer of a nitride based semiconductor containing indium 
and having a smaller band gap than the first layer. 

10 In this semiconductor laser device, the first layer of 

the current blocking layer contains at least one of boron and 
aluminum, whereby the band gap of the first layer can be 
increased for reducing the refractive index of the first layer. 
Thus, in the case of a real refractive index guided structure, 

15 the difference in refractive index between the current blocking 
layer and the second nitride based semiconductor layer in the 
striped opening can be increased. Further, the first layer 
of the current blocking layer containing at least one of boron 
and aluminum is thermally stabilized. In addition, the second 

20 layer of the current blocking layer containing Indium can 
absorb strain caused in the first layer containing boron or 
aluminum. Thus, cracking is suppressed. 

Therefore, a semiconductor laser device having a real 
refractive index guided structure excellent in thermal 

25 stability, prevented from cracking and improved in effect of 
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light confinement is implemented. Alternatively, a 
semiconductor laser device having a loss guided structure 
excellent in thermal stability and prevented from cracking is 
implemented . 

5 At least one first layer may have a larger aluminum 

composition ratio than that of at least one second layer or 
a larger boron composition ratio than that of at least one second 
layer, and at least one second layer may have a larger indium 
composition ratio than that of at least one first layer. 

10 In this case, at least one first layer is reduced in 

refractive index and improved in thermal stability. Further, 
at least one second layer absorbs strain of at least one first 
layer . 

The first nitride based semiconductor layer may include 
15 a first conductivity type cladding layer, the active layer and 
a second conductivity type first cladding layer in this order, 
and the second nitride based semiconductor layer may include 
a second conductivity type second cladding layer. 

At least one first layer may include at least two first 
20 layers, and at least two first layers and at least one second 
layer may be alternately stacked. 

In this case, the second layer held between the first 
layers effectively absorbs strain caused in the first layers 
arranged on both sides thereof. 
25 The mean refractive index of the current blocking layer 
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may be smaller than the refractive index of the second nitride 
based semiconductor layer in the striped opening . In this case , 
the effective refractive index in the region of the active layer 
located under the current blocking layer is smaller than the 
5 effective refractive index in the region of the active layer 
located under the striped opening, and light is concentrated 
to the region of the active layer located under the striped 
opening. Thus, a semiconductor laser device having a real 
refractive index guided structure is implemented. 

10 The mean band gap of the current blocking layer may be 

larger than the band gap of the second conductivity type second 
cladding layer. In this case, the mean refractive index of 
the current blocking layer is smaller than the refractive index 
of the second conductivity type second cladding layer in the 

15 striped opening. Thus, the effective refractive index in the 
region of the active layer located under the current blocking 
layer is smaller than the effective refractive index in the 
region of the active layer located under the second 
conductivity type second cladding layer in the striped opening, 

20 and light is concentrated to the region of the active layer 
located under the striped opening. Consequently, a 
semiconductor laser device having a real refractive index 
guided structure is implemented. 

The active layer may include at least one quantum well 

25 layer and at least two quantum barrier layers alternately 
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stacked, and the band gap of at least one second layer may be 
larger than the band gap of at least one quantum well layer. 
In this case, the mean band gap of the current blocking layer 
can be readily rendered larger than the band gap of the second 
5 conductivity type second cladding layer. 

The active layer may contain indium, gallium and nitrogen , 
at least one first layer may contain at least one of aluminum 
and boron as well as gallium and nitrogen, at least one second 
layer may contain indium, gallium and nitrogen, and the first 

10 conductivity type cladding layer , the second conductivity type 
first cladding layer and the second conductivity type second 
cladding layer may contain aluminum, gallium and nitrogen. 

At least one first layer may have a larger aluminum 
composition ratio than that of the second conductivity type 

15 second cladding layer or a larger boron composition ratio than 
that of the second conductivity type second cladding layer. 
Thus, the band gap of at least one first layer is larger than 
the band gap of the second conductivity type second cladding 
layer . 

20 The active layer may include at least one quantum well 

layer containing indium, gallium and nitrogen and at least two 
quantum barrier layers containing indium, gallium and nitrogen, 
alternately stacked, and the indium composition ratio of at 
least one quantum well layer may be larger than the indium 

25 composition ratio of at least two quantum barrier layers. 
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The mean band gap of the current blocking layer may be 
substantially equal to or smaller than the band gap of the active 
layer . 

In this case, the current blocking layer absorbs light 
5 generated in the region of the active layer located under the 
current blocking layer, whereby light is concentrated to the 
region of the active layer located under the striped opening. 
Thus, a semiconductor laser device having a loss guided 
structure is implemented. 

10 The active layer may include at least one quantum well 

layer and at least two quantum barrier layers alternately 
stacked, and the mean band gap of the current blocking layer 
may be substantially equal to or smaller than the mean band 
gap of the active layer. In this case, the current blocking 

15 layer absorbs light generated in the active layer having a 
multiple quantum well structure, whereby light is concentrated 
to the region of the active layer located under the striped 
opening . 

The band gap of at least one second layer may be smaller 
20 than the band gap of at least one quantum well layer. In this 
case, the mean band gap of the current blocking layer can be 
readily rendered substantially equal to or smaller than the 
band gap of the active layer. 

The active layer may contain indium, gallium and nitrogen , 
25 at least one first layer may contain at least one of aluminum 



10 



and boron as well as indium, gallium and nitrogen, at least 
one second layer may contain indium, gallium and nitrogen, and 
the first conductivity type cladding layer, the second 
conductivity type first cladding layer and the second 
5 conductivity type second cladding layer may contain aluminum, 
gallium and nitrogen . 

The active layer may include at least one quantum well 
layer containing indium, gallium and nitrogen and at least two 
quantum barrier layers containing indium, gallium and nitrogen, 

10 alternately stacked, and the indium composition ratio of at 
least one quantum well layer may be larger than the indium 
composition ratio of at least two quantum barrier layers . 

The first nitride based semiconductor layer may further 
include a first conductivity type light guide layer provided 

15 between the first conductivity type cladding layer and the 
active layer and a second conductivity type light guide layer 
provided between the active layer and the second conductivity 
type first cladding layer. 

The semiconductor laser device may further comprise a 

20 third nitride based semiconductor layer, formed on the current 
blocking layer and the second nitride based semiconductor layer, 
containing at least one of boron, aluminum, gallium, indium 
and thallium. 

The third nitride based semiconductor layer may include 
25 a third cladding layer of the second conductivity type and a 
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second conductivity type contact layer. Alternatively, the 
third nitride based semiconductor layer may include a second 
conductivity type contact layer. 

The foregoing and other objects, features, aspects and 
5 advantages of the present invention will become more apparent 
from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings . 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a typical sectional view of a GaN based 
semiconductor laser device according to a first embodiment of 
the present invention; 

Fig. 2 is an energy band diagram of a current blocking 
15 layer of the semiconductor laser device shown in Fig. 1 and 
the vicinity thereof ; 

Fig. 3 is an energy band diagram of a current blocking 
layer of a GaN based semiconductor laser device according to 
a second embodiment of the present invention and the vicinity 
20 thereof; 

Fig. 4 is an energy band diagram of a current blocking 
layer of a GaN based semiconductor laser device according to 
a third embodiment of the present invention and the vicinity 
thereof ; 

25 Fig. 5 is an energy band diagram of a current blocking 
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layer of a GaN based semiconductor laser device according to 
a fourth embodiment of the present invention and the vicinity 
thereof; 

Fig. 6 is an energy band diagram of a current blocking 
5 layer of a GaN based semiconductor laser device according to 
a fifth embodiment of the present invention and the vicinity 
thereof ; 

Fig. 7 is an energy band diagram of a current blocking 
layer of a GaN based semiconductor laser device according to 
10 a sixth embodiment of the present invention and the vicinity 
thereof ; 

Fig. 8 is a typical sectional view of the GaN based 
semiconductor laser device according to the sixth embodiment 
of the present invention; 
15 Fig. 9 is a typical sectional view of a GaN based 

semiconductor laser device according to an eleventh embodiment 
of the present invention; 

Fig. 10 is an energy band diagram of a current blocking 
layer of the semiconductor laser device shown in Fig. 9 and 
20 the vicinity thereof; 

Fig. 11 is a typical sectional view of a GaN based 
semiconductor laser device according to a thirteenth 
embodiment of the present invention; and 

Fig. 12 is a typical sectional view of a conventional 
25 GaN based semiconductor laser device. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(1) First Embodiment 

Fig. 1 is a typical sectional view of a GaN semiconductor 
5 laser device according to a first embodiment of the present 
invention. Fig. 2 is an energy band diagram of a current 
blocking layer of the semiconductor laser device shown in Fig. 
1 and the vicinity thereof. 

As shown in Fig. 1, a low- temperature buffer layer 2 of 

10 undoped BAlGaN having a thickness of 200 A, an undoped BGaN 
layer 3 of 4.5 tiiti in thickness, an n-BGaN layer 4 of 4.5 ^im 
in thickness and an n-anti-cracking layer 5 of 0.25 \im in 
thickness are successively formed on a sapphire substrate 1. 
The n-anti-cracking layer 5 is formed by alternately stacking 

15 21 pairs of BAlGaN layers of 60 A in thickness and GaN layers 
of 60 A in thickness. 

An n- cladding layer 6 of BAlGaN having a thickness of 
0 . 8 [xm and an n-light guide layer 7 of BGaN having a thickness 
of 0.1 are successively formed on the n-anti-cracking layer 

20 5. An n-multiple quantum well active layer (hereinafter 
referred to as an MQW active layer) 8 of BInGaN is formed on 
the n-light guide layer 7. The n-MQW active layer 8 has a 
multiple quantum well structure formed by alternately stacking 
four BInGaN quantum barrier layers of each having a thickness 

25 of 50 A and three BInGaN quantum well layers each having a 
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thickness of 20 A. 

A p-carrier blocking layer 9 of BAlGaN having a thickness 
of 200 A, a p-light guide layer 10 of BGaN having a thickness 
of 0.1 ^im and a p-first cladding layer 11 of BAlGaN having a 
5 thickness of 0.2 [m are successively formed on the n-MQW active 
layer 8. An n-current blocking layer 12 of about 0.5 yaa in 
thickness having a striped opening 13 is formed on the p-first 
cladding layer 11. A p-second cladding layer 14 of BAlGaN 
having a thickness of 0.7 ^im is formed on the p-first cladding 

10 layer 11 located in the striped opening 13 and the n-current 
blocking layer 12. A p-contact layer 15 of BGaN having a 
thickness of 0.05 \m is formed on the p-second cladding layer 
12. As shown in the energy band diagram of Fig. 2, the n- 
current blocking layer 12 is formed by alternately stacking 

15 five n-f irst current blocking layers 12a of BAlGaN each having 
a thickness of 0 . 1 [om and four n- second current blocking layers 
12b of BInGaN each having a thickness of 0.02 \im. 

Partial regions of the layers from the p-contact layer 
15 to the n-BGaN layer 4 are removed by etching, to expose the 

20 n-BGaN layer 4. A p type electrode 16 is formed on the p- 
contact layer 15, and an n type electrode 17 is formed on the 
exposed upper surface of the n-BGaN layer 4. 

The semiconductor laser device shown in Fig. 1 is formed 
by MOCVD (metal-organic chemical vapor deposition) , for 

25 example. Table 1 shows the compositions, thicknesses and 
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growth temperatures of the layers 2 to 12, 14 and 15 of the 
semiconductor laser device shown in Fig. 1. 

Table 1 



Name of Layer 


Compos i t i on 


rh i ckness 


Growth 
Temperature 
[°C] 


Low-Tempe r at u r e 
Buffer Layer 


P A 1 On M 


200 A 


600 


i-BGaN Layer 


^0. 02^^.98^ 


4. 5jum 


1080 


n-BGaN Layer 


^0.02^^0.98^^ 


4. 5ju m 


1080 


Ant i -Cracking Layer 


^0.05^10.02^.93'^/^^'^ 


0.2b urn 


1080 


n-Cl adding Layer 


^0. 02^ ' 0. 05^^0. 93'^ 


0. Sjum 


1080 


n-Light Guide Layer 


^0. 02^^0. 98^ 


0. 1 )um 


1080 


Quantum Barrier 
Layer 


^0. 02 ' "0. 05^^0. 93*^ 


50 A 


800 


Quantum Wei 1 Layer 


^0.02 '"0.1 5^.83^ 


20 A 


800 


p-Garrier Blocking 
Layer 


^0. Os'^'o. 20^^0. 75^ 


200 A 


800 


p-Light Guide Layer 


%. 02^^0.98^ 


0. 1 jum 


1080 


p-First Cladding 
Layer 


^0. 02^ '0. 05^^0. 93^ 


0. 2jum 


1080 


n-Fi rst Current 
Blocking Layer 


^0. 02^ '0. 07^^0.91'^ 


0. 1 jum 


1080 


n-Seoond Current 
Blocking Layer 


%02'"0. 08^.90^ 


0.02jum 


800 


p-Second Gladding 
Layer 


^0. 02^ '0. 05^^0. 93^ 


0. 7/im 


1080 


p-Contact Layer 


%02^^0. 98^ 


0. 05;um 


1080 



Si is employed as an n-type dopant, and Mg is employed 
as a p-type dopant . As shown in Table 1 , the growth temperature 
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of the low- temperature buffer layer 2 is 600°C, and the growth 
temperatures of the BGaN layer 3, the n-BGaN layer 4, the 
n -anti -cracking layer 5, the n-cladding layer 6, the n-light 
guide layer 7, the n- carrier blocking layer 8, the p- light guide 
5 layer 10, the p-first cladding layer 11, the n-first current 
blocking layers 12a and the p-contact layer 15 are 1080°C. The 
growth temperatures of the n-MWQ active layer 8, the p- carrier 
blocking layer 9 and the n- second current blocking layers 12b 
are 800°C. 

10 TMG (trimethyl gallium), TMA (trimethyl aluminum), NH3 

and B2H4 are employed as raw material gases for growing the 
low- temperature buffer layer 2. TMG, NH3 and BjH^ are employed 
as raw material gases for growing the BGaN layer 3. TMG, NH3 
and B2H4 are employed as raw material gases and SiH^ is employed 

15 as a dopant gas for growing the n-BGaN layer 4 and the n-light 
guide layer 7. TMG, TMA, NH3 and BjH^ are employed as raw 
material gases and SiH4 is employed as a dopant gas for growing 
the n-anti-cracking layer 5, the n-cladding layer 6 and the 
n-first current blocking layers 12a. 

20 TEG (triethyl gallium), TMI (trimethyl indium), NH3 and 

B2H4 are employed as raw material gases and SiH^ is employed 
as a dopant gas for growing the n-MQW active layer 8 and the 
n- second current blocking layers 12b. TMG, TMA, NH3 and B^H^ 
are employed as raw material gases and Cp2Mg ( cyclopentadienyl 

25 magnesium) is employed as a dopant gas for growing the p-carrier 
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blocking layer 9, the p-first cladding layer 11 and the p- 
second cladding layer 14. TMG, NH3 and B2H4 are employed as raw 
material gases and CpjMg is employed as a dopant gas for growing 
the p-light guide layer 10 and the p-contact layer 15. 
5 The refractive index of the n-MQW active layer 8 is higher 

than those of the n-cladding layer 6 and the p-cladding layer 
12, and the refractive indices of the n- light guide layer 7 
and the p-light guide layer 10 are lower than that of the n-MQW 
active layer 8 and higher than those of the n-cladding layer 
10 6, the p-first cladding layer 11 and the p- second cladding layer 
14. 

As understood from Fig. 2, the band gap of the n-first 
current blocking layers 12a is larger than that of the p-first 
cladding layer 11 and the p-second cladding layer 14. However, 

15 the band gap of the n- second current blocking layers 12b, which 
is smaller than that of the n-first current blocking layers 
12a as well as those of the p-first cladding layer 11 and the 
p-second cladding layer 14, is larger than that of the quantum 
well layers (energy level El on the lower end of the conduction 

20 band) forming the MQW active layer 8. The mean energy level 
E2 of the n-first current blocking layers 12a and the n- second 
current blocking layers 12b on the lower end of the conduction 
band is set higher than the energy level of the p-first cladding 
layer 11 and the p-second cladding layer 14 on the lower end 

25 of the conduction band. 
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In the semiconductor laser device according to this 
embodiment, the layers from the p-first cladding layer 11 to 
the p-second cladding layer 14, including the n-first current 
blocking layers 12a, are prepared by adding at least one of 
5 B and Al to GaN, and the total thickness of these layers is 
about 0.9 [om. However, the n-second current blocking layers 
12b of n-BInGaN having a smaller band gap than the n-first 
current blocking layers 12a of n-BAlGaN are held between the 
n-first current blocking layers 12a for effectively absorbing 

10 strain caused in the n-first current blocking layers 12a 
arranged on both sides thereof, thereby preventing cracking. 
In particular, the n-second current blocking layers 12b 
containing indium attain a large anti-cracking effect. 

The mean energy level E2 of the n- current blocking layer 

15 12 formed by the five n-first current blocking layers 12a and 
the four n-second current blocking layers 12b on the lower end 
of the conduction band is set higher than the energy level of 
the n-first cladding layer 11 and the p-second cladding layer 
14 on the lower end of the conduction band, whereby the mean 

20 refractive index of the n-current blocking layer 12 is smaller 
than the refractive indices of the p-first cladding layer 11 
and the p-second cladding layer 14. Thus, the effective 
refractive index in the region of the MQW active layer 8 located 
under the striped opening 13 is larger than that in the region 

25 of the MQW active layer 8 located under the n-current blocking 
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layer 12, and an effect of concentrating light to the region 
located under the striped opening 13 can be increased. Thus, 
a semiconductor laser device having a real refractive index 
guided structure is implemented. 
5 The total thickness of the four n- second current blocking 

layers 12b having a low energy level on the lower end of the 
conduction band is 0.08 \m. The thickness of each n-first 
current blocking layer 12a having a high energy level on the 
lower end of the conduction band is 0.1 fxm, and the total 

10 thickness of the five n-first current blocking layers 12a is 
0.5 ^m. Thus, the mean energy level E2 of the current blocking 
layer 12 on the lower end of the conduction band can be 
controlled higher than the energy level of the p-f irst cladding 
layer 11 and the p- second cladding layer 14 on the lower end 

15 of the conduction band by setting the thickness of the n-first 
current blocking layers 12a larger than that of the n-second 
current blocking layers 12b. 
(2) Second Embodiment 

Fig. 3 is an energy band diagram of a current blocking 
20 layer 12A of a GaN based semiconductor laser device according 
to a second embodiment of the present invention and the vicinity 
thereof. The semiconductor laser device shown in Fig. 3 is 
different from that shown in Fig. 1 in a point that the n- 
current blocking layer 12A has three layers while the n-current 
25 blocking layer 12 has nine layers. The structures of the 
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remaining parts of the semiconductor laser device shown in Fig. 
3 and a method of manufacturing the same are similar to those 
of the semiconductor laser device shown in Fig. 1. 

As shown in the energy band diagram of Fig . 3 , the 
5 n-current blocking layer 12A formed on a p-f irst cladding layer 
11 of p-BAlGaN is formed by alternately stacking two n-first 
current blocking layers 12c of BAlGaN each having a thickness 
of 0.25 |xm and an n- second current blocking layer 12d of BInGaN 
having a thickness of 0.05 \jtm. 
10 The n-first current blocking layers 12a shown in Fig. 

2 and the n-first current blocking layers 12c shown in Fig. 

3 as well as the n- second current blocking layers 12b shown 
in Fig. 2 and the n-second current blocking layer 12d shown 
in Fig. 3 are identical in composition and growth condition 

15 to each other, except the thicknesses - 

The compositions, thicknesses and growth conditions of 
respective layers forming the semiconductor laser device shown 
in Fig. 3, excluding the n-current blocking layer 12A, are 
similar to those of the layers 2 to 11, 14 and 15 forming the 

20 semiconductor laser device shown in Fig. 1. The energy level 
of the n-first current blocking layers 12c on the lower end 
of the conduction band is identical to that of the n-first 
current blocking layers 12a on the lower end of the conduction 
band, and the energy level of the n-second current blocking 

25 layer 12d on the lower end of the conduction band is identical 
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to that of the n-second current blocking layers 12b on the lower 
end of the conduction band. The mean energy level E3 of the 
n- current blocking layer 12A on the lower end of the conduction 
band is set higher than that of the p-first cladding layer 11 
5 and the p- second cladding layer 14 on the lower end of the 
conduction band. 

In the semiconductor laser device according to this 
embodiment having the aforementioned structure, an effect of 
light confinement by the n-current blocking layer 12A can be 

10 improved while the p-first cladding layer 11, the n-current 
blocking layer 12A and the p- second cladding layer 14 are hardly 
cracked similarly to the semiconductor laser device according 
to the first embodiment. Further, thermal stability is 
improved due to the n-first current blocking layers 12c 

15 containing boron and aluminum. 
(3) Third Embodiment 

Fig. 4 is an energy band diagram of a current blocking 
layer 12B of a GaN based semiconductor laser device according 
to a third embodiment of the present invention and the vicinity 

20 thereof. The semiconductor laser device shown in Fig. 4 is 
different from that shown in Fig. 1 in a point that the n- 
current blocking layer 12B has a different composition 
different from the n-current blocking layer 12 . The structures 
of the remaining parts of the semiconductor laser device shown 

25 in Fig. 4 and a method of manufacturing the same are identical 
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to those of the semiconductor laser device shown in Fig. 1. 

As shown in the energy band diagram of Fig. 4, the 
n- current blocking layer 12B formed on a first cladding layer 
11 of p-BAlGaN is formed by alternately stacking five first 
5 current blocking layers 12e of n-BAlGaN each having a thickness 
of 0.1 \m and four n-BInGaN second current blocking layers 12f 
each having a thickness of 0.01 \xm. 

Table 2 shows the compositions, thicknesses and growth 
temperatures of partial layers related to the semiconductor 
10 laser device shown in Fig. 4. The compositions, thicknesses 
and growth temperatures of the layers, excluding the n-current 
blocking layer 12B, are similar to those of the layers 2 to 
12, 14 and 15 of the semiconductor laser device shown in Fig. 
1 (Table 1) . 

15 

Table 2 



Name of Layer 


Compos i t i on 


Thickness 


Growth 
Temperature 
[°c] 


Quantum Barrier 
Layer 


^0.02*"0. 05^^0. 93^^ 


50 A 


800 


Quantum We 1 1 Layer 


^0.02' "0.15^^0. 83^ 


20 A 


800 


p-First Cladding 
Layer 


02^ '0. 05^^0. 93^ 


0.2 urn 


1080 


n-First Current 
Blocking Layer 


^0. 02^ '0. 07^.91^ 


0. 1 jum 


1080 


n-Second Current 
Blocking Layer 


^0. 02'"0.1 8^^0.80'^ 


0. 01 /^m 


800 


p-Second Cladding 
Layer 


^0. 02^ ' 0. 05^^0. 93'^ 


0. Turn 


1080 
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As understood from Fig. 4, the band gap of the n-first 
current blocking layers 12e is larger than that of the p-first 
cladding layer 11 and a p-second cladding layer 14, On the 
other hand, the band gap of the n- second current blocking layers 
5 12f is smaller than that of quantum well layers forming an MQW 
active layer 8 . The mean energy level E4 of the n-first current 
blocking layers 12e and the n- second current blocking layers 
12f on the lower end of the conduction band is set higher than 
the energy level of the p-first cladding layer 11 and the 
10 p-second cladding layer 14 on the lower end of the conduction 
band. 

In the semiconductor laser device according to this 
embodiment, the n-second current blocking layers 12f of n- 
BlnGaN having a smaller band gap than the n-first current 

15 blocking layers 12e of n-BAlGaN are held between the n-first 
current blocking layers 12e, for increasing an effect of 
preventing cracking. Particularly as compared with the first 
embodiment, the composition ratio of indium in the n-BInGaN 
second current blocking layers 12f is larger than that in the 

20 n-BInCaN second current blocking layers 12b, for more 
effectively preventing cracking. 

The thermal stability of the n-current blocking layer 
12B is improved due to the n-first current blocking layers 12e 
containing aluminum and boron. Further, the mean energy level 

25 E4 of the n-first current blocking layers 12e and the n-second 
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current blocking layers 12f on the lower end of the conduction 
band is higher than the energy level of the p-first cladding 
layer 11 and the p- second cladding layer 14 on the lower end 
of the conduction band, whereby the mean refractive index of 
5 the n-current blocking layer 12B is smaller than those of the 
p-first cladding layer 11 and the p-second cladding layer 14 
so that light is concentrated to a region of the MQW active 
layer 8 located under a striped opening 13 of the n-current 
blocking layer 12B and an effect of light confinement is 

10 improved. As compared with the first embodiment, however, the 
band gap of the n-second current blocking layers 12f of n- 
BlnGaN is smaller than that of the n-second current blocking 
layers 12b of n-BInGaN, and hence it is easier to control the 
mean energy level of the n-current blocking layer 12 on the 

15 lower end of the conduction band in the semiconductor laser 
device according to the first embodiment . 
(4) Fourth Embodiment 

Fig. 5 is an energy band diagram of a current blocking 
layer of 12C a GaN based semiconductor laser device according 
20 to a fourth embodiment of the present invention and the vicinity 
thereof . 

The semiconductor laser device shown in Fig. 5 is 
different from that shown in Fig. 4 in a point that the n- 
current blocking layer 12C has three layers while the n-current 
25 blocking layer 12B has nine layers. The structures of the 
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remaining parts of the semiconductor laser device shown in Fig. 
5 and a method of manufacturing the same are identical to those 
of the semiconductor laser device shown in Fig. 3, i.e. , those 
of the semiconductor laser device shown in Fig. 1. 

As shown in the energy band diagram of Fig. 5, the 
n-current blocking layer 12C formed on a p-f irst cladding layer 
11 of p-BAlGaN is formed by alternately stacking two n-first 
current blocking layers 12g of BAlGaN each having a thickness 
of 0.02 5 [AjAmand an n- second current blocking layer 12h of BInGaN 
having a thickness of 0.05 ^im. The n-first current blocking 
layers 12e shown in Fig. 4 and the n-first current blocking 
layers 12g shown in Fig. 5 as well as the n-second current 
blocking layers 12f shown in Fig. 4 and the n-second current 
blocking layer 12h shown in Fig. 5 are identical in composition 
and growth condition to each other, except the thicknesses. 
The compositions, thicknesses and growth temperatures of 
layers forming the semiconductor laser device shown in Fig. 
5, excluding the n-current blocking layer 12C, are similar to 
those of the layers forming the semiconductor laser device 
shown in Fig. 4, i.e., those of the layers 2 to 12, 14 and 15 
of the semiconductor laser device shown in Fig. 1. 

The band gap of the n-first current blocking layers 12g 
of BAlGaN is equivalent to that of the n-first current blocking 
layers 12e of BAlGaN, and the band gap of the n-second current 
blocking layer 12h of BInGaN is equivalent to that of the 
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n- second current blocking layers 12f of BInGaN. The mean 
energy level E5 of the n-current blocking layer 12C on the lower 
end of the conduction band is set higher than the energy level 
of the p-first cladding layer 11 and a p-second cladding layer 
5 14 on the lower end of the conduction band. 

In the semiconductor laser device according to the fourth 
embodiment having the aforementioned structure, an effect of 
light confinement by the n-current blocking layer 12C and 
thermal stability can be improved while the p-first cladding 
10 layer 11, the n-current blocking layer 12C and the p-second 
cladding layer 14 are hardly cracked, similarly to the 
semiconductor laser device according to the third embodiment. 

(5) Fifth Embodiment 

Fig. 6 is an energy band diagram of a current blocking 
15 layer 12D of a GaN based semiconductor laser device according 
to a fifth embodiment of the present invention and the vicinity 
thereof . 

The semiconductor laser device shown in Fig. 6 is 
different from that shown in Fig. 1 in a point that the 

20 composition of the n-current blocking layer 12D is different 
from that of the n-current blocking layer 12. The structures 
of the remaining parts of the semiconductor laser device shown 
in Fig. 6, excluding the n-current blocking layer 12D, and a 
method of manufacturing the same are identical to those of the 

25 semiconductor laser device shown in Fig. 1. 
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As shown in the energy band diagram of Fig . 6 , the 
n-current blocking layer 12D formed on a p-first cladding layer 
11 of BAlGaN is prepared by alternately stacking five n-first 
current blocking layers 12i of BAlInGaN each having a thickness 
5 of 0 . 1 i^m and four n-second current blocking layers 12k of BInGaN 
each having a thickness of 0.01 \m. 

Table 3 shows the compositions, thicknesses and growth 
temperatures of partial layers related to the semiconductor 
laser device shown in Fig. 6. The compositions, thicknesses 
10 and growth temperatures of the layers, excluding the n-current 
blocking layer 12D, are similar to those of the layers 2 to 
12, 14 and 15 of the semiconductor laser device shown in Fig. 
1 (Table 1) . 



Table 3 



Name of Layer 


Compos i t i on 


Thickness 


Growth 
Temperature 
[°C] 


Quantum Barrier 
Layer 


02'%. 05^^0. 93'^ 


50A 


800 


Quantum Wei 1 Layer 


^0.02 '"0.15^^0. 83^ 


20 A 


800 


p-First Cladding 
Layer 


^0. 02^'o. 05^%. 93^ 


0. 2jum 


1080 


n-First Current 
Blocking Layer 


^0 02^ '0 02 '"0 08 
Ga^ggN 




800 


n-Second Current 
Blocking Layer 


^0. 02'"0.18^^0. 80"^ 
"^0. 02'%. 20S. 78^ 


0. 01 jum 


800 


p-Second Cladding 
Layer 


^0. 02^ '0. 05^^0. 93^ 


0. 7/im 


1080 
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As shown in Fig. 6, the band gap of the n-second current 
blocking layers 12k of BInGaN is smaller than that of quantum 
well layers forming an MQW active layer 8. The band gap of 
the n-first current blocking layers 121 of BAlInGaN is 
5 substantially identical to or smaller than that of quantum 
barrier layers forming the MQW active layer 8. Therefore, the 
mean energy level E6 of the n-current blocking layer 12D on 
the lower end of the conduction band is set substantially 
identical to or not more than the mean energy level El of the 

10 MQW active layer 8 on the lower end of the conduction band. 

In the semiconductor laser device according to this 
embodiment, the total thickness of the layers prepared by 
adding at least one of Al and B to GaN is 0.9 [xm. while the 
n-second current blocking layers 12k of BInGaN having a smaller 

15 band gap than the n-first current blocking layers 12i of 
BAlInGaN are held between the n-first current blocking layers 
121 of BAlInGaN, whereby cracking can be prevented while 
improving thermal stability of the n-current blocking layer 
12D. 

20 In this case, the mean energy level E6 of the n-current 

blocking layer 12D formed by the five n-first current blocking 
layers 121 and the four n-second current blocking layers 12k 
on the lower end of the conduction band is set lower than the 
mean energy level El of the MQW active layer 8 on the lower 

25 end of the conduction band, whereby the n-current blocking 
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layer 12D absorbs light generated in the region of the active 
layer 8 located under the n-current blocking layer 12D so that 
light is concentrated to the region of the active layer 8 located 
under a striped opening 13 of the n-current blocking layer 12D. 
5 Thus , a semiconductor laser device having a loss guided 
structure is obtained. 

The mean energy level E6 of the n-current blocking layer 
12D on the lower end of the conduction band can be controlled 
smaller than the mean energy level El of the active layer 8 

10 on the lower end of the conduction band by employing a material 
having a smaller band gap than that of the quantum well layers 
forming the MQW active layer 8 for the n- second current blocking 
layers 12k. 

( 6 ) Sixth Embodiment 

15 Fig. 7 is an energy band diagram of a current blocking 

layer of a GaN based semiconductor laser device according to 
a sixth embodiment of the present invention and the vicinity 
thereof. The semiconductor laser device shown in Fig. 7 is 
different from that shown in Fig. 6 in a point that an n-current 

20 blocking layer 12E has a three stacked layers while the n- 
current blocking layer 12D has nine stacked layers. The 
structures of the remaining parts of the semiconductor laser 
device shown in Fig. 7 and a method of manufacturing the same 
are identical to those of the semiconductor laser device shown 

25 in Fig. 6, i.e. , those of the semiconductor laser device shown 
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in Fig. 1. 

As Shown in Fig. 7, the n-current blocking layer 12E 
formed on a p-first cladding layer 11 of p-BAlGaN is prepared 
by alternately stacking two n-first current blocking layers 
5 12m of BAlInGaN each having a thickness of 0.25 yon and an 
n-second current blocking layer 12n of BInGaN having a 
thickness of 0.05 [m. The n-first current blocking layers 12m 
shown in Fig. 7 and the n-first current blocking layers 12i 
shown in Fig. 6 as well as the n-second current blocking layer 

10 12n shown in Fig. 7 and the n-second current blocking layers 
12k shown in Fig. 6 are identical in composition and growth 
temperature to each other, except the thicknesses. The 
compositions, thicknesses and growth temperatures of layers 
forming the semiconductor laser device shown in Fig. 7, 

15 excluding the n-current blocking layer 12E, are similar to 
those of the layers forming the semiconductor laser device 
shown in Fig, 6, i.e., those of the layers 2 to 12, 14 and 15 
of the semiconductor laser device shown in Fig. 1. 

The band gap of the n-first current blocking layers 12m 

20 of BAlInGaN is equivalent to that of the n-first current 
blocking layers 121 of BAlInGaN, and the band gap of the n-second 
current blocking layer 12n of BInGaN is equivalent to that of 
the n-second current blocking layers 12k of BInGaN. The mean 
energy level E7 of the n-current blocking layer 12E on the lower 

25 end of the conduction band is set substantially identical to 
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or lower than the mean energy level El of an MQW active layer 
8 on the lower end of the conduction band. 

In the semiconductor laser device according to this 
embodiment having the aforementioned structure, the thermal 
5 stability of the n-current blocking layer 12E can be improved 
by increasing the composition ratio of at least either aluminum 
or boron, similarly to the semiconductor laser device according 
to the fifth embodiment. At the same time, the n- second current 
blocking layer 12n of BInGaN is held between the n-f irst current 
10 blocking layers 12m, whereby the p-first cladding layer 11, 
the n-current blocking layer 12E and a p- second cladding layer 
14 are hardly cracked. 

( 7 ) Seventh Embodiment 

Fig. 8 is a typical sectional view of a GaN based 
15 semiconductor laser device according to a seventh embodiment 
of the present invention. 

As shown in Fig. 8, a buffer layer 2, an n-BGaN layer 
4, an n-anti-cracking layer 5, an n-cladding layer 6, an n-light 
guide layer 7, an n-MQW active layer 8, a p-carrier blocking 
20 layer 9, a p-light guide layer 10 and a p-first cladding layer 
11 are successively formed on a conductive substrate 18 such 
as a GaN substrate. An n-current blocking layer 12 having a 
striped opening 13 is formed on the p-first cladding layer 11. 
A p-second cladding layer 14 is formed on the p-first cladding 
25 layer 11 located in the striped opening 13 and the n-current 
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blocking layer 12. A p-contact layer 15 is formed on the 
p-second cladding layer 14. A p type electrode 16 is formed 
on the p-contact layer 15, and an n type electrode 17 is formed 
on the back surface of the conductive substrate 18. The 
5 semiconductor laser device shown in Fig. 8 is provided with 
no BGaN layer 3, dissimilarly to the semiconductor laser device 
shown in Fig. 1. Also in the semiconductor laser device shown 
in Fig. 8, the n-current blocking layer 12 is formed by 
alternately stacking five n-first current blocking layers 12a 

10 of BAlGaN each having a thickness of 0.1 \m and four n-second 
current blocking layers 12b of BInGaN each having a thickness 
of 0.02 \im as shown in the energy band diagram of Fig. 2, 
similarly to the semiconductor laser device shown in Fig. 1. 

The compositions, thicknesses and growth conditions of 

15 the layers 2, 4 to 12, 14 and 15 forming the semiconductor laser 
device shown in Fig. 8 are similar to those of the layers 2, 
4 to 12, 14 and 15 forming the semiconductor laser device shown 
in Fig. 1. 

In the semiconductor laser device according to this 
20 embodiment, the n-second current blocking layers 12b of BInGaN 
having a smaller band gap than the n-first current blocking 
layers 12a of BAlGaN are held between the n-first current 
blocking layers 12a for effectively absorbing strain caused 
in the n-first current blocking layers 12a arranged on both 
25 sides thereof, thereby preventing cracking. In particular. 
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the n- second current blocking layers 12b containing indium 
attain a large anti-cracking effect. 

The refractive index of the n-current blocking layer 12 
is smaller than those of the p-f irst cladding layer 11 and the 
p- second cladding layer 14 so that the effective refractive 
index in the region of the MQW active layer 8 located under 
the striped opening 13 is smaller than the refractive index 
in the region of the MQW active layer 8 located under the 
n-current blocking layer 12 for increasing an effect of 
concentrating light to the region located under the striped 
opening 13. 

Further, it is possible to readily control the mean energy 
level E2 of the n-current blocking layer 12 on the lower end 
of the conduction band higher than the energy level of the 
p-first cladding layer 11 and the p-second cladding layer 14 
on the lower end of the conduction band by increasing the 
thickness of the n-first current blocking layers 12a beyond 
that of the n-second current blocking layers 12b. 
(8) Eighth Embodiment 

A GaN based semiconductor laser device according to an 
eighth embodiment of the present invention is now described. 

The semiconductor laser device according to this 
embodiment is similar in structure to the semiconductor laser 
device shown in Fig. 1 except the materials for respective 
layers . Table 4 shows the compositions , thicknesses and growth 



34 



temperatures of the layers forming the semiconductor laser 
device according to this embodiment . 

Table 4 



Name of Layer 


Compos i t i on 


Thickness 


Growth 
Temperature 

[°c] 


Low-Temperature 
Buffer Layer 


AL .Ga^ M 

0. 5 0. 5 


200 A 


600 


j-GaN Layer 


GaN 


4. 5 j(i m 


1080 


n-GaN Layer 


GaN 


4. 5 /i m 


1080 


Ant i -Cracking Layer 




0. 25j[/m 


1080 


n-CI adding Layer 


'^'o. 07^^0. 93'^ 


0.8/im 


1080 


n-Llght Guide Layer 


GaN 


0.] jjim 


1080 


Quantum Barrier 
Layer 


'"0.02^^0. 98^ 


50A 


800 


Quantum Wei 1 Layer 


'"0.10^^0.90^ 


20 A 


800 


p-Carrier Blocking 
Layer 


A'o. 2^^0.8^^ 


200 A 


800 


p-Light Guide Layer 


GaN 




1080 


p-First Cladding 
Layer 


^'0. 07^^0.93'^ 


0. 2/im 


1080 


n-First Current 
Blocking Layer 


^'0. 09^^0.91'^ 


0. 1 jum 


1080 


n-Second Current 
Blocking Layer 


'"0.05^^0.95^ 


0. 02jum 


800 


p-Second Cladding 
Layer 


^'0. 07^^0. 93'^ 


0. 7/im 


1080 


p-Contact Layer 


GaN 


0.05jum 


1080 



As shown in Table 4, a low- temperature buffer layer 2 
is made of AlGaN, an undoped GaN layer is provided in place 
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of the BGaN layer 3, and an n-GaN layer is provided in place 
of the n-BGaN layer 4. An n-anti-cracking layer 5 is formed 
hy alternately stacking 21 pairs of AlGaN layers of 60 A in 
thickness and GaN layers of 60 A in thickness, an n-cladding 
layer 6 is made of AlGaN, and an n- light guide layer 7 is made 
of GaN. 

An n-MQW active layer 8 is formed by alternately stacking 
four InGaN quantum barrier layers of 50 A in thickness and three 
InGaN quantum well layers of 20 A in thickness. Further, a 
p- carrier blocking layer 9 is made of AlGaN, a p- light guide 
layer 10 is made of GaN, a p-first cladding layer 11 and a 
p-second cladding layer 14 are made of AlGaN, and a p-contact 
layer 13 is made of GaN. An n-current blocking layer 12 is 
formed by alternately stacking five n-first current blocking 
layers 12a of 0.1 [im in thickness and four n-second current 
blocking layers 12b of 0.02 ^im in thickness as shown in the 
energy band diagram of Fig. 2, while the n-first current 
blocking layers 12a are made of AlGaN and the n-second current 
blocking layers 12b are made of InGaN. 

TMG, TMA and NH3 are employed as raw material gases for 
growing the low- temperature buffer layer 2. TMG and NH3 are 
employed as raw material gases for growing the GaN layer. TMG 
and NH3 are employed as raw material gases and SiH4 is employed 
as a dopant gas for growing the n-GaN layer and the n- light 
guide layer 7. TMG, TMA and NH3 are employed as raw material 
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gases and SiH, is employed as a dopant gas for growing the 
n-anti-cracking layer 5, the n-cladding layer 6 and the n- 
first current blocking layers 12a. 

TEG, TMI and NH3 are employed as raw material gases and 
5 SiH, is employed as a dopant gas for growing the n-MQW active 
layer 8 and the n-second current blocking layers 12b- TMG, 
TMA and NH3 are employed as raw material gases and CpaMg is 
employed as a dopant gas for growing the p-carrier blocking 
layer 9, the p-first cladding layer 11 and the p-second cladding 
10 layer 14. TMG and NH3 are employed as raw material gases and 
Cp^Mg is employed as a dopant gas for growing the p- light guide 
layer 10 and the p-contact layer 15. 

The semiconductor laser device according to this 
embodiment can attain an effect similar to that of the 
15 semiconductor laser device shown in Fig. 1. 
(9) Ninth Embodiment 

A GaN based semiconductor laser device according to a 
ninth embodiment of the present invention is now described. 

The semiconductor laser device according to this 
20 embodiment is similar in structure to the semiconductor laser 
device according to the sixth embodiment except the material 
and the thickness of an n-current blocking layer 12B. Table 
5 shows the compositions, thicknesses and growth temperatures 
of layers forming the semiconductor laser device according to 
25 this embodiment. 



37 



Table 5 



Name of Layer 


Compos i t i on 


Th i ckness 


Growth 
Temperature 
[°C] 


Quantum Barrier 
Layer 


'"0.02^^0.98^^ 


50 A 


800 


Quantum Wei 1 Layer 


'"o.loH.Qof^ 


20 A 


800 


p-First Cladding 
Layer 


A'o.oT^^.gs"^ 


0. 2/im 


1080 


n-First Current 
Blocking Layer 


^'0.09^%.9l'^ 


0. 1 urn 


1080 


n-Seoond Current 
Blocking Layer 


' "0.13^^0.87'^ 


0. 01 jum 


800 


p-Second Cladding 
Layer 


A'o. 07^%. 93^^ 


0.1 um 


1080 



The compositions, thicknesses and growth temperatures 
of the quantum barrier layers, the quantum well layers, the 
p- first cladding layer 11 and the p- second cladding layer 14 
5 shown in Table 5 are similar to those of the layers forming 
the semiconductor laser device shown in Table 4. 

As shown in the energy band diagram of Fig. 4, the 
n- current blocking layer 12B of the semiconductor laser device 
according to this embodiment is formed by stacking five n- 
10 first current blocking layers 12e of AlGaN each having a 
thickness of 0.1 \m and four n-second current blocking layers 
12f of BInGaN each having a thickness of 0.01 [xm. 

The semiconductor laser device according to this 
embodiment can attain an effect similar to that of the 
15 semiconductor laser device shown in Fig. 4. 
(10) Tenth Embodiment 
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A GaN based semiconductor laser device according to a 
tenth embodiment of the present invention is now described. 

The semiconductor laser device according to this 
embodiment is similar in structure to the semiconductor laser 
device according to the eighth embodiment except the material 
and the thickness of an n-current blocking layer 12D. Table 
6 shows the compositions, thicknesses and growth temperatures 
of layers forming the semiconductor laser device according to 
this embodiment . 



Table 6 



Name of Layer 


Compos i t i on 


Thickness 


Growth 
Temperature 
[°C] 


Quantum Barrier 
Layer 


'"0.02H. 98^^ 


50 A 


800 


Quantum Wei 1 Layer 


'"o.1oS.90^ 


20 A 


800 


p-First Cladding 
Laver 


A '0.07^^0. 93^ 


O.lum 


1080 


n-First Current 
Blocking Laver 


A'o. 04' "0. 08^%. 88^ 


0. 1 /im 


800 


n-Second Current 
Blocking Laver 


'"0.15^.85^ 


0. 01 jum 


800 


p-Second Cladding 
Laver 


'^'o. 07^^0. 93'^ 


0. 7/im 


1080 



The compositions, thicknesses and growth temperatures 
of the quantum barrier layers, the quantum well layers, the 
p-first cladding layer 11 and the p- second cladding layer 14 
shown in Table 6 are similar to those of the layers forming 
the semiconductor laser device shown in Table 4. 

As shown in the energy band diagram of Fig. 6, the 
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n-current blocking layer 12D of the semiconductor laser device 
according to this embodiment is formed by alternately stacking 
five n-f irst current blocking layers 12i of AlInGaN each having 
a thickness of 0 . 1 [jm and four n- second current blocking layers 
12k of InGaN each having a thickness of 0.01 [xm. 

The semiconductor laser device according to this 
embodiment can attain an effect similar to that of the 
semiconductor laser device shown in Fig. 6. 

(11) Eleventh Embodiment 

Fig. 9 is a typical sectional view of a GaN based 
semiconductor laser device according to an eleventh embodiment 
of the present invention. Fig. 10 is an energy band diagram 
of an n-current blocking layer 42 of the semiconductor laser 
device shown in Fig. 9 and the vicinity thereof. The 
semiconductor laser device shown in Fig- 9 has a striped ridge 
part 41a in a p-claddlng layer 41. 

Layers from a sapphire substrate 1 to a p- light guide 
layer 10 forming the semiconductor laser device according to 
this embodiment are similar in structure to the layers forming 
the semiconductor laser device shown in Fig. 1. The n-current 
blocking layer 42 of the semiconductor laser device according 
to this embodiment is similar to the n-current blocking layer 
12 shown in Fig. 1, except the sectional shape of a striped 
opening 45 in a direction perpendicular to the longitudinal 
direction thereof. Table 7 shows the compositions. 
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thicknesses and growth temperatures of the layers formed on 
the p-light guide layers 10 of the semiconductor laser device 
according to this embodiment . 



Table 7 



Name of Layer 


Compos i t i on 


Thickness 


Growth 
Temperature 
[°c] 


p-CI adding Layer 


^0.02^' 0.05^.93'^ 


0. 2/im 


1080 


n-First Current 
Blocking Layer 


^0. 02^ 'o. 07^^0.9l'^ 


0. 1 jum 


1080 


n-Second Current 
Blocking Layer 


^0. 02 '"O. 08^^0. 90^ 


O.Olfim 


800 


p-Cap Layer 


^0.02^^0. 98^1 


o.^ ^m 


1080 


p-Contact Layer 


^0.02^.98^ 


0. 05/im 


1080 



5 As shown in Table 7, the p- cladding layer 41 of BAlGaN 

having the ridge part 41a is provided on the p-light guide layer 
10 of BGaN. The thickness of the p-cladding layer 41 excluding 
the region of the ridge part 41a is 0.2 urn. A p-cap layer 43 
of BGaN is formed on the ridge part 41a of the p-cladding layer 

10 41, and the n-current blocking layer 42 is provided on portions 
of the p-cladding layer 41 located on both sides of the ridge 
part 41a. A p-contact layer 44 of BGaN is provided on the 
n-current blocking layer 42 and the p-cap layer 43. In the 
p-cladding layer 41, the ridge part 41a corresponds to a 

15 p- second cladding layer, and the remaining part corresponds 
to a p-first cladding layer. 

Similarly to the semiconductor laser device shown in Fig. 
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1, the n-current blocking layer 42 is formed by alternately 
stacking five n-first current blocking layers 42a of BAlGaN 
each having a thickness of 0.1 \im and four n-second current 
blocking layers 42b of BInGaN each having a thickness of 0.02 
\im, as shown in Fig. 10. 

TMG, TMA, NH3 and B2H4 are employed as raw material gases 
and Cp2Mg is employed as a dopant gas for growing the p- BAlGaN 
cladding layer 41. TMG, NH3 and B2H4 are employed as raw 
material gases and Cp2Mg is employed as a dopant gas for growing 
the p-BGaN cap layer 43 and the p-BGaN contact layer 44. TMG, 
TMA, NH3 and B2H4 are employed as raw material gases and SiH4 
is employed as a dopant gas for growing the n-first current 
blocking layers 42a. TEG, TMI , NH3 and B^H^ are employed as raw 
material gases and SiH^ is employed as a dopant gas for growing 
the n-second current blocking layers 42b. 

The semiconductor laser device according to this 
embodiment can attain an effect similar to that of the 
semiconductor laser device shown in Fig. 1. 

While the five n-first current blocking layers 42a and 
the four n-second current blocking layers 42b are alternately 
stacked in the eleventh embodiment, the numbers of the stacked 
n-first current blocking layers and n-second current blocking 
layers are not restricted to the above. At least two n-first 
current blocking layers and at least one second current 
blocking layer may be alternately stacked. Thus, the n-first 
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current blocking layers hold the n- second current blocking 
layer(s) therebetween, so that the n- second current blocking 
laYer(s) can effectively absorb strain qjf the n-flrst current 
blocking layers caused on both sides thereof. 
5 While the band gap of the n-second current blocking layers 

42b of BInGaN is larger than the band gap of quantum well layers 
forming an MQW active layer 8 in the eleventh embodiment, the 
band gap of the n-second current blocking layers may be rendered 
smaller than that of the quantum well layers by increasing the 
10 composition ratio of indium so that the composition of the 
n-second current blocking layers is Bq ojI^^o.isGao.saN, for 
example . 

While the mean refractive index of the n- current blocking 
layer 42 is set smaller than the refractive index of the 

15 p-cladding layer 41 of BAlGaN to provide a real refractive index 
guided structure in the aforementioned eleventh embodiment, 
the mean band gap of the n- current blocking layer may be rendered 
smaller than that of the MQW active layer 8, for obtaining a 
semiconductor laser device having a loss guided structure 

20 similarly to the semiconductor laser device shown in Fig. 6 
in this case. 

(12) Twelfth Embodiment 

A semiconductor laser device according to a twelfth 
embodiment of the present invention is now described. 
25 A typical sectional structure of the semiconductor laser 
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device according to this embodiment is similar to that of the 
semiconductor laser device according to the eleventh 
embodiment shown in Fig. 9. However, the materials for layers 
forming the semiconductor laser device according to this 
5 embodiment are different from those forming the layers of the 
semiconductor laser device according to the eleventh 
embodiment . The respective layers from a sapphire substrate 
1 to a p- light guide layer 10 forming the semiconductor laser 
device according to this embodiment are identical to the layers 

10 forming the semiconductor layer according to the eighth 
embodiment shown in Table 4. Table 8 shows the compositions, 
thicknesses and growth temperatures of layers formed on the 
p-light guide layer 10 of the semiconductor laser device 
according to this embodiment. 

15 Table 8 



Name of Layer 


Gompos i t i on 


Thickness 


Growth 
Temperature 

[°C] 


p-CI adding Layer 




0. 2juiii 


1080 


n-First Current 
Blocking Layer 




O.'ium 


1080 


n-Second Current 
Blocking Layer 


'"0.05^.95'^ 


0. OZfjim 


800 


p-Cap Layer 


GaN 


0. 1 /ym 


1080 


p-Contact Layer 


6aN 


0. 05 //m 


1080 



A p-cladding layer 41 formed on the p-GaN light guide 
layer 10 is made of AlGaN and has a thickness of 0.2 ^im except 
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the region of a ridge part 41a. A p-cap layer 43 is made of 
GaN and has a thickness of 0.1 \m. An n-current blocking layer 

42 is formed by alternately stacking five n-first current 
blocking layers 42a of AlGaN each having a thickness of 0.1 

5 ^im and four n-second current blocking layers 42b of InGaN each 
having a thickness of 0.02 ^un, as shown in Fig. 10. A contact 
layer 44 of GaN having a thickness of 0.05 [jm is formed on the 
n-current blocking layer 42 and the p-cap layer 43. 

TMG, TMA, NH3 and B2H4 are employed as raw material gases 
10 and Cp2Mg is employed as a dopant gas for growing the p- cladding 
layer 41. TMG, NH3 and B2H4 are employed as raw material gases 
and Cp2Mg is employed as a dopant gas for growing the p-cap layer 

43 and the p-contact layer 44. TMG, TMA and NH3 are employed 
as raw material gases and SiH4 is employed as a dopant gas for 

15 growing the n-first current blocking layers 42a. TEG, TMI and 
NH3 are employed as raw material gases and SiH4 is employed as 
a dopant gas for growing the n-second current blocking layers 
42b. 

The semiconductor laser device according to this 
20 embodiment can attain an effect similar to that of the 
semiconductor laser device according to the eighth embodiment . 

While the five n-first current blocking layers 42a and 
the four n-second current blocking layers 4 2b are alternately 
stacked in the twelfth embodiment, the numbers of the stacked 
25 n-first current blocking layers and n-second current blocking 
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layers are not restricted to the above. At least two n-first 
current blocking layers and at least one second current 
blocking layer may be alternately stacked. Thus, the n-first 
current blocking layers hold the n- second current blocking 
5 layer (s) therebetween, so that the n- second current blocking 
layer (s) can effectively absorb strain of the n-first current 
blocking layers caused on both sides thereof. 

While the band gap of the n- second current blocking layers 
42b of InGaN is larger than the band gap of quantum well layers 

10 forming an MQW active layer 8 in the twelfth embodiment, the 
band gap of the n- second current blocking layers may be rendered 
smaller than that of the quantum well layers by increasing the 
composition ratio of indium so that the composition of the 
second current blocking layers is Ino igGao.gsN, for example. 

15 While the mean refractive index of the n-current blocking 

layer 42 is set smaller than the refractive index of the 
p-cladding layer 41 of AlGaN to provide a real refractive index 
guided structure in the aforementioned twelfth embodiment, the 
mean band gap of the n-current blocking layer may be rendered 

20 smaller than that of the MQW active layer 8, for obtaining a 
semiconductor laser device having a loss guided structure 
similarly to the semiconductor laser device according to the 
tenth embodiment in this case. 

(13) Thirteenth Embodiment 

25 Fig. 11 is a typical sectional view of a GaN based 
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semiconductor laser device according to a thirteenth 
embodiment of the present invention. 

As shown in Fig. 11, a buffer layer 2, an n-BGaN layer 
4, an n-anti-cracking layers, an n- cladding layers, ann-light 
5 guide layer 7, an n-MQW active layer 8, a p-carrier blocking 
layer 9, a p-light guide layer 10 and a p-cladding layer 41 
are successively formed on a conductive substrate 18 such as 
a GaN substrate. A striped ridge part 41a is formed in the 
p-cladding layer 41. An n-current blocking layer 42 is formed 

10 on parts of the p-cladding layer 41 located on both sides of 
the striped ridge part 41a, A p-cap layer 43 is formed on the 
striped ridge part 41a. A p-contact layer 44 is formed on the 
n-current blocking layer 42 and the p-cap layer 43. A p type 
electrode 16 is formed on the p-contact layer 44, and an n type 

15 electrode 17 is formed on the back surface of the conductive 
substrate 18- The semiconductor laser device shown in Fig. 
11 is provided with no BGaN layer 3, dissimilarly to the 
semiconductor laser device shown in Fig. 9. 

The compositions, thicknesses and growth conditions of 

20 the layers 2, 4 to 10 and 41 to 44 forming the semiconductor 
laser device shown in Fig. 11 are similar to those of the layers 
2, 4 to 10 and 41 to 44 forming the semiconductor laser device 
shown in Fig. 9. Also in the semiconductor laser device shown 
in Fig. 11, the n-current blocking layer 42 is formed by 

25 alternately stacking five n-first current blocking layers 42a 
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of 0 . 1 ^im in thickness and. four n- second current blocking layers 
42b of 0.02 \im in thickness as shown in the energy band diagram 
of Fig. 10, similarly to the semiconductor laser device shown 
in Fig. 9. The first current blocking layers 42a are made of 
5 AlGaN, and the n- second current blocking layers 42b are made 
of InGaN. 

In the semiconductor laser device according to this 
embodiment, the n- second current blocking layers 42b of InGaN 
having a smaller band gap than the n-first current blocking 

10 layers 42a of AlGaN are held between the n-first current 
blocking layers 42a to effectively absorb strain caused in the 
n-first current blocking layers 42a located on both sides 
thereof, so that cracking is hardly caused. In particular, 
the n- second current blocking layers 42b contain indium, to 

15 attain a large anti-cracking effect. 

The refractive index of the n-current blocking layer 42 
is smaller than that of the p-cladding layer 14 so that the 
effective refractive index in the region of the MQW active layer 
8 located under a striped opening 45 is smaller than the 

20 effective refractive index of the MQW active layer 8 located 
under the n-current blocking layer 42 for increasing an effect 
of concentrating light to the region located under the striped 
opening 45. Thus, a semiconductor laser device of a real 
refractive index guided structure is implemented. 

25 Further, it is possible to readily control the mean energy 
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level E8 of the n- current blocking layer 42 on the lower end 
of the conduction band higher than the energy level of the 
p-cladding layer 41 on the lower end of the conduction band 
by increasing the thickness of the n-first current blocking 
5 layers 42a beyond that of the n- second current blocking layers 
42b. 

While the five n-first current blocking layers 42a and 
the four n-second current blocking layers 42b are alternately 
stacked in the thirteenth embodiment, the numbers of the 

10 stacked n-first current blocking layers and n-second current 
blocking layers are not restricted to the above. At least two 
n-first current blocking layers and at least one second current 
blocking layer may be alternately stacked. Thus, the n-first 
current blocking layers hold the n-second current blocking 

15 layer (s) therebetween, so that the n-second current blocking 
layer(s) can effectively absorb strain of the n-first current 
blocking layers caused on both sides thereof. 

While the band gap of the n-second current blocking layers 
42b is larger than the band gap of quantum well layers forming 

20 the MQW active layer 8 in the thirteenth embodiment, the band 
gap of the n-second current blocking layers may be rendered 
smaller than that of the quantum well layers by increasing the 
composition ratio of indium so that the composition of the 
n-second current blocking layers is Ino ^gGao ggN, for example. 

25 While the mean refractive index of the n-current blocking 
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layer 4 2 is set smaller than the refractive index of the 
p-cladding layer 41 of AlGaN to provide a real refractive index 
guided structure in the aforementioned thirteenth embodiment, 
the mean band gap of the n- current blocking layer may be rendered 
5 smaller than the band gap of the MQW active layer 8 , for 
obtaining a semiconductor laser device having a loss guided 
structure similarly to the semiconductor laser device 
according to the tenth embodiment in this case. 

The compositions and thicknesses of the n-first current 

10 blocking layers 12a, 12c, 12e, 12g, 12i and 42a, which are first 
layers, and the n-second current blocking layers 12b, 12d, 12f , 
12h, 12k and 42b, which are second layers, are not restricted 
to those of the aforementioned embodiments, so far as the first 
layers are made of a nitride based semiconductor containing 

15 at least one of aluminum and boron, the second layers are made 
of a nitride based semiconductor containing indium and the band 
gap of the second layers is smaller than that of the first 
layers . 

The compositions of the p-first cladding layers 11 and 
20 41 and the p-second cladding layers 14 and 41a may be different 
from each other. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
25 taken by way of limitation, the spirit and scope of the present 
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WHAT IS CLAIMED IS: 

1. A semiconductor laser device comprising: 

a first nitride based semiconductor layer including an 
5 active layer and containing at least one of boron, aluminum, 
gallium, indium and thallium; 

a current blocking layer, formed on said first nitride 
based semiconductor layer, having a striped opening; and 

a second nitride based semiconductor layer, formed on 
10 said first nitride based semiconductor layer in said striped 
opening, containing at least one of boron, aluminum, gallium, 
indium and thallium, wherein 

said current blocking layer includes a multilayer 
structure of at least one first layer of a nitride based 
15 semiconductor containing at least one of aluminum and boron 
and at least one second layer of a nitride based semiconductor 
containing indium and having a smaller band gap than said first 
layer . 

20 2. The semiconductor laser device according to claim 1, 

wherein 

said at least one first layer has a larger aluminum 
composition ratio than that of said at least one second layer 
or a larger boron composition ratio than that of said at least 
25 one second layer, and 
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said at least one second layer has a larger indium 
composition ratio than that of said at least one first layer. 

3. The semiconductor laser device according to claim 1, 
5 wherein 

said first nitride based semiconductor layer includes 
a first conductivity type cladding layer, said active layer 
and a second conductivity type first cladding layer in this 
order , and 

10 said second nitride based semiconductor layer includes 

a second conductivity type second cladding layer. 

4. The semiconductor laser device according to claim 1, 
wherein 

15 said at least one first layer includes at least two first 

layers, and said at least two first layers and said at least 
one second layer are alternately stacked. 

5. The semiconductor laser device according to claim 1, 
20 wherein 

the mean refractive index of said current blocking layer 
is smaller than the refractive index of said second nitride 
based semiconductor layer in said striped opening. 
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6. The semiconductor laser device according to claim 5, 



53 



wherein 

the thickness of each of said at least one first layer 
is larger than the thickness of each of said at least one second 
layer. 

5 

7. The semiconductor laser device according to claim 3, 
wherein 

the mean band gap of said current blocking layer is larger 
than the band gap of said second conductivity type second 
10 cladding layer. 

8. The semiconductor laser device according to claim 7, 
wherein 

said active layer includes at least one quantum well layer 
15 and at least two quantum barrier layers alternately stacked, 
and 

the band gap of said at least one second layer is larger 
than the band gap of said at least one quantum well layer. 

20 9. The semiconductor laser device according to claim 3, 

wherein 

said active layer contains indium, gallium and nitrogen, 
said at least one first layer contains at least one of 
aluminum and boron as well as gallium and nitrogen, 
25 said at least one second layer contains indium, gallium 
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and nitrogen, and. 

said first conductivity type cladding layer, said second 
conductivity type first cladding layer and said second 
conductivity type second cladding layer contain aluminum, 
5 gallium and nitrogen. 

10. The semiconductor laser device according to claim 
9 , wherein 

said at least one first layer has a larger aluminum 
10 composition ratio than that of said second conductivity type 
second cladding layer or a larger boron composition ratio than 
that of said second conductivity type second cladding layer. 

11. The semiconductor laser device according to claim 
15 9 , wherein 

said active layer includes at least one quantum well layer 
containing indium, gallium and nitrogen and at least two 
quantum barrier layers containing indium, gallium and nitrogen, 
alternately stacked, and the indium composition ratio of said 
20 at least one quantum well layer is larger than the indium 
composition ratio of said at least two quantum barrier layers. 

12. The semiconductor laser device according to claim 
1 , wherein 

25 the mean band gap of said current blocking layer is 
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substantially equal to or smaller than the band gap of said 
active layer. 

13. The semiconductor laser device according to claim 
5 12, wherein 

said active layer includes at least one quantum well layer 
and at least two quantum barrier layers alternately stacked, 
and 

the mean band gap of said current blocking layer is 
10 substantially equal to or smaller than the mean band gap of 
said active layer. 

14. The semiconductor laser device according to claim 

13 , wherein 

15 the band gap of said at least one second layer is smaller 

than the band gap of said at least one quantum well layer. 

15. The semiconductor laser device according to claim 

14, wherein 

20 said active layer contains indium, gallium and nitrogen. 

said at least one first layer contains at least one of 
aluminum and boron as well as indium, gallium and nitrogen, 
said at least one second layer contains indium, gallium 
and nitrogen, and 
25 said first conductivity type cladding layer, said second 
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conductivity type first cladding layer and said second 
conductivity type second cladding layer contain aluminum, 
gallium and nitrogen. 

5 16. The semiconductor laser device according to claim 

15, wherein 

said active layer includes at least one quantum well layer 
containing indium, gallium and nitrogen and at least two 
quantum barrier layers containing indium, gallium and nitrogen, 
10 alternately stacked, and the Indium composition ratio of said 
at least one quantum well layer is larger than the indium 
composition ratio of said at least two quantum barrier layers. 

17. The semiconductor laser device according to claim 
15 3 , wherein 

said first nitride based semiconductor layer further 
includes a first conductivity type light guide layer provided 
between said first conductivity type cladding layer and said 
active layer and a second conductivity type light guide layer 
20 provided between said active layer and said second conductivity 
type first cladding layer. 

18. The semiconductor laser device according to claim 
3, further comprising: 

25 a third nitride based semiconductor layer, formed on said 
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current blocking layer and said second nitride based 
semiconductor layer, containing at least one of boron, aluminum, 
gallium, indium and thallium. 

5 19. The semiconductor laser device according to claim 

18, wherein 

said third nitride based semiconductor layer includes 
a third cladding layer of said second conductivity type and 
a second conductivity type contact layer. 

lO 

20. The semiconductor laser device according to claim 
18, wherein 

said third nitride based semiconductor layer includes 
a second conductivity type contact layer. 
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ABSTRACT OF THE DISCLOSURE 

An n-current blocking layer is formed by alternately 
stacking an n-first current blocking layer of a nitride based 
semiconductor containing Al or B and an n-second current 
5 blocking layer of a nitride based semiconductor containing In. 
In a semiconductor laser device having a real refractive index 
guided structure, the mean refractive index of the n-current 
block layer is smaller than the refractive indices of a p- 
first cladding layer and a p-second cladding layer. In a 
10 semiconductor laser device having a loss guided structure, the 
mean band gap of the n-current blocking layer is substantially 
equal to or smaller than the mean band gap of an active layer. 
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Moriguchi-shi, Qsaka-fii 570-8677, Jap an 



Full name of second inventor (given name, family name) Hiroki Qhbo — 

Inventor's Signature XL'.-^ : Date "^^.^ ^ X^iPO 

Residence Hirakata-shi. Osaka-fu, Japan 

Citizenship Japanese 

Post Office Address n/n SANYO FTKCnrRTC CO - TTD.. 5-5 Keihanhondori ?,-chome, Moriguchi-shi, 
Osaka-fii 570-8677. Japan . 



